The elaboration of conservation strategies at regional scale, dealing with the potential effects of climate change on the abundance and distribution of tree species, should be supported by models produced at the appropriate scale. We used a bioclimatic model aimed at analysing the large-scale effects of climate change on the abundance and distribution of tree species with respect to their chorological and ecological characteristics. Abundance data for 16 species, sampled in 912 plots, distributed on a 3x3 km grid were used. A climatic model provided high resolution current climatic surfaces and a climatic scenario for 2080 was obtained using the A1FI emission scenario of HadCM3 GCM. A determ inistic Regression Tree Analysis (RTA) and Multiple Linear Regression (MLR) were applied in order to define the realised niche of the species in relation to the chosen environmental variables. The comparison between RMSE values showed that RTA always outperforms MLR, in terms of predicting species distri bution. Zonal species were better predicted than rare species (extrazonal or with specific habitat requirements). Climate change is expected to determine a general increase of the average potential altitude. Only the Mediterranean spe cies are likely to be favoured by the predicted climate change, while for the two other chorological types (Sub-Mediterranean and Eurosiberian) the re sponse seems to be species-specific, depending on the ecological characteristic of each species: the more thermophilous and xerophilous species should bene fit from the predicted drought in terms of area and mean abundance, while mesophilous species should suffer a strong reduction.
Introduction
The effects of climate change on ecosys tems are already noticeable (Parmesan & Yohe 2003 , Root et al. 2003 and must be addressed as they can negatively influence the survival capacity of species. Recently, global warming has been shown to be one of the most serious threats to biodiversity (Midgley et al. 2002 , Thomas et al. 2004 , Malcolm et al. 2006 , Thuiller et al. 2006 ). This kind of concern has led to the develop ment of species-climate envelope models to predict potential effects on species distribu tion under climate change scenarios. Most have used coarse spatial resolution presenceabsence data, mapped to a 50 x 50 km UTM grid (Bakkenes et al. 2002 , Thuiller 2003 , Skov & Svenning 2004 , Thuiller et al. 2005 , Ohlemüller et al. 2006 . Many lim itations associated with predicting the future distribution of species using this kind of ap proach have been pointed out (Guisan & Zi mmermann 2000 , Pearson & Dawson 2003 , Hampe 2004 , Thuiller 2004 , Segurado & Araújo 2004 . One is that coarse resolution data are of limited use for the needs of regional planning and con servation strategies (protection of strategic ecosystem refugia, ecological networks and corridors). For this reason, some authors ) have proposed an ap proach to downscale coarse scale presenceabsence distribution data to a finer resolu tion. In this paper we present a climate-spe cies model based on large scale abundance data to analyse species potential current and future distribution at a regional scale. Moreover, this approach may lead to inter esting and useful information on the distribu tion of tree species along direct environ mental gradients. The location of the study area is noteworthy. In fact, Central Italy is a crossroads for the Eurosiberian, Mediter ranean and South-East European chorologic al types that characterise the Mediterranean basin; it is also surrounded by two seas and is characterised by a central mountainous chain. Under the light of the above reasons, the following hypotheses were investigated in this work:
• Will the expected increase in average alti tude of species' range in the area con sidered be one of the main effects of cli mate change? • Do species belonging to the same chorolo gical type respond in a similar way? • Is it possible to explain the responses of the species using their Ellenberg's temper ature and moisture scores (Ellenberg et al. 1992 )?
Material and methods

Study area
The study area consists of two Italian re gions (Lazio and Abruzzo) located in Central Italy between the Tyrrhenian and Adriatic coasts and covers about 28000 km 2 (Fig. 1 ). The area is characterised by strong climatic, topographical and geological variability. The coastal areas are characterised by a Mediter ranean climate, while the inner part has a temperate climate, with an Alpine-type cli mate only in the highest peaks (Gran Sasso mountain, 2912 m a.s.l.).
Forests, following the FAO forest defini tion (FAO 2001) , currently occupy an area of about 6720 km 2 . Since the end of the Second World War, the forested areas have increased because of the abandonment of tra ditional silvicultural activities, especially in the Apennine mountains (Falcucci et al. 2007) . Evergreen forests of Quercus ilex and Q. suber (the latter only along the western Tyrrhenian side) potentially occupy the lowland areas along the coasts, while the inner hills are characterised by deciduous forest (Q. cerris and Q. pubescens). The sub-moun tain and mountain belts are respectively dominated by Ostrya carpinifolia and Fagus sylvatica woods.
Data set
The data source for this study was the IN .DE.FO. of Italy for the study area (Allavena et al. 2000) . It comprises 912 plots collected on the vertices of a 3x3 km grid. The data were summarised for individual forest plots to calculate an Importance Value (IV) as a measure of abundance for each species ac Predicting the effect of climate change on tree species abundance and distribution at a regional scale Attorre The elaboration of conservation strategies at regional scale, dealing with the potential effects of climate change on the abundance and distribution of tree species, should be supported by models produced at the appropriate scale. We used a bioclimatic model aimed at analysing the large-scale effects of climate change on the abundance and distribution of tree species with respect to their chorological and ecological characteristics. Abundance data for 16 species, sampled in 912 plots, distributed on a 3x3 km grid were used. A climatic model provided high resolution current climatic surfaces and a climatic scenario for 2080 was obtained using the A1FI emission scenario of HadCM3 GCM. A determ inistic Regression Tree Analysis (RTA) and Multiple Linear Regression (MLR) were applied in order to define the realised niche of the species in relation to the chosen environmental variables. The comparison between RMSE values showed that RTA always outperforms MLR, in terms of predicting species distri bution. Zonal species were better predicted than rare species (extrazonal or with specific habitat requirements). Climate change is expected to determine a general increase of the average potential altitude. Only the Mediterranean spe cies are likely to be favoured by the predicted climate change, while for the two other chorological types (Sub-Mediterranean and Eurosiberian) the re sponse seems to be species-specific, depending on the ecological characteristic of each species: the more thermophilous and xerophilous species should bene fit from the predicted drought in terms of area and mean abundance, while mesophilous species should suffer a strong reduction.
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where x is one of the considered species, NS is the number of stems of a plot and BA is the basal area of the plot calculated using the diameter at breast height of each one of the stems. In monotypic stands, the IV could reach a maximum of 200. We analysed sixteen species that are the most abundant in the study area: (see Tab. 2 -Pignatti 1982) . In order to explain the response of the species to climate change, Ellenberg's indicator val ues (Ellenberg et al. 1992) , revised for Italy by Pignatti (2005) , for temperature and moisture were used. These indicator values describe the ecological optima for the spe cies along ecological gradients using an or dinal scale, i.e., temperature: 1 (cold, alpine environment) to 12 (hot, subdesertic envir onment); moisture: 1 (dry environment, arid soil) to 12 (water environment).
Environmental variables
Very high resolution (30 arc-seconds) cur rent climatic surfaces were obtained by inter polating climatic data (average of the 1961-1991 period) from 210 stations for pre cipitation and 151 for temperature through universal kriging (i.e., simple kriging with trend function defined on the basis of a set of co-variates) that has been proven to produce reliable estimates at a regional scale (Attorre et al. 2007 ). Future projections for 2080 (midpoint of the period 2070-2099) were de rived using one general circulation model experiment (HadCM3 - Mitchell et al. 2004 ). The GCM projected the mean climate under one rather extreme scenario: the Intergovern mental Panel on Climate Change Special Re port on Emissions Scenarios (IPCC SRES) A1FI storyline (Nakicenovic & Swart 2000) . Current and projected climatic data were ob tained from HadCM3 runs. The difference between the current and future climate was calculated. The difference was statistically downscaled to a 30 arc second using the "thin plane spline" spatial interpolation (Mitasova & Mitas 1993) . The values were then applied to the measurements of the cur rent climate to produce very high resolution climatic scenario.
Climatic data which influence plant surviv al and growth were chosen: mean annual temperature, mean minimum temperature of the coldest month, mean maximum temper ature of the hottest month, annual, summer and winter precipitations. Moreover, a mois ture index was used based on the following formula:
where P is the mean annual precipitation, and ETp is the potential evapotranspiration; ETp has been calculated using the JensenHaise equation (Jensen & Haise 1963): where RS is the annual potential solar radi ation (KiloJoule) and T is the mean annual temperature.
The annual potential solar radiation was calculated using a specific module imple mented in the GRASS software GIS (Hofierka & Súri 2002) . This model takes into account solar constant, Earth-Sun distance, solar geo metry and incident angles at each location (slope aspect), cast-shadowed and self-shad owed areas, and direct versus diffuse radi ation. A slope map and a simplified geological map (scale 1:100.000, Servizio Geologico d'Italia, APAT) were also used. The geolo gical map was a surrogate for pedological in formation. ARCGIS 9.0 was used to collect, store and manipulate IV as well as environ mental data in raster format. The complete list of environmental variables is shown in Tab. 1. Tab. 1 -List of the selected environmental variables.
Statistical analysis
Environmental variable Acronym
Mean 
were compared in order to quantify the rela tionship between environmental factors and the species abundance. The theory of MLR is quite well known and will not be reported here (interested readers should refer to Neter & Wasserman 1985) . RT models have been widely used in the last few years to study the potential distribution of tree species abund ance in the eastern United States (Iverson & Prasad 1998 , Iverson & Prasad 2002 , Iverson et al. 1999 . They are based on a recursive data partitioning algorithm that splits the data into subsets based on a single, best pre dictor variable. The algorithm proceeds by splitting these subsets using the remaining covariate values. The output is a tree with branches and terminal nodes (Fig. 3) . The predicted value at each terminal node is the average at that node, which can be con sidered as relatively homogeneous. Thus, the substantial difference between regression trees and linear regression models is in the effects of the adopted covariates set. In the latter case, the effect is linear and constant over the whole range of covariate values. In the former, the effect of the covariates is neither linear nor constant, producing a cat egorization of the (quantitative) covariate best predicting the observed response. Moreover, the obtained hierarchical structure gives a simple and effective way to under stand the covariates' impact on the observed response; the corresponding role in terms of response prediction can be based on the or dering produced by the increase in the per centage of response variability which is ac counted for by each split. The interested reader should refer to Breiman et al. (1984) . We estimated both models using S-PLUS (Statistical Sciences 1993) considering the species IV as the response variable and the environmental covariates listed in Tab. 1. The RTA model was generated after pruning the full tree. We randomly put aside 30% of the data (test set), and trained the models on the re maining 70% (training set). The RTA and the MLR were evaluated on the test set using the mean RMSE between the current and predicted IVs for each species. The best model was evaluated by calculating both the correlation between current and predicted IV as well as the so-called Omission Accuracy (OA) measure. To calculate this last meas ure, we categorized the observed and pre dicted IVs into binary variable indicating if the values were over a certain threshold. The threshold was set at 2 IV since the values be low were characterised by a high uncer tainty. For each species, the OA formula is (SP/(SP+SO)*100), where SP is the number of areas with observed values over the threshold where the species was correctly predicted as present and SO is the number of areas with observed values over the threshold where the species was incorrectly predicted as absent. Because of the sampling approach we used, classification accuracy was not calculated for the test set; indeed, the absence of a species at a given sampling plot does not imply its absence over the 3 x 3 km grid.
The results obtained through the final mod el were used to produce maps of both current and future potential distribution under a scenario of changed climate assuming unlim ited dispersal capacity of the species. The predicted potential distribution was obtained by replacing the climate variables with those obtained from the HadCM3 GCM; predicted values were then imported into ARCGIS to produce the corresponding maps.
The effects of climate change on species distribution were evaluated by calculating the percentage changes in the potential area as well as on the mean IV and altitude. Tab. 2 -Validation of the regression tree model. N is the number of sample plots. R is the correlation between measured and predicted IV. OA_Ve and OA_Va are the omission accur acy for the whole data set (verification) and for the 30 % of the validation data set respect ively. Abbreviations for chorology: M, Mediterranean; SM, Sub-Mediterranean; E, Euros iberian. 
Species
Results
Comparison and evaluation of models
The comparison between RMSE values corresponding to both models for all of the analysed species shows that RTA always outperformed MLR, in terms of predicting species distribution for the training set (Fig.  2) . For this reason, RTA was chosen as the best method; the corresponding performance measures are reported in Tab. 2. The number of plots for each species used for the model ling process is a measure of the abundance of the species within the study area. Quercus pubescens and Quercus cerris were the most widespread species, respectively with 361 and 287 plots. These were followed by Fagus sylvatica (263 plots). In contrast, Quercus frainetto and Quercus suber, the rarest species, were limited to the coastal areas characterised by acidic soils (Attorre & Bruno 2003 
Environmental correlates of tree species abundance
The tree diagrams produced by RTA ana lysis are shown in Fig. 3a for a Eurosiberian species (Fagus sylvatica), in Fig. 3b for a Sub-Mediterranean species (Quercus cerris) and in Fig. 3c for a Mediterranean one (Quercus ilex). As aforementioned, the tree diagrams proved to be a useful way to high light the interactions between environmental variables and species distribution (Iverson & Prasad 1998 , Vayssières et al. 2000 . The length of tree diagram branches is proportional to the variance ex plained by the current split. The terminal nodes of the data set indicate the average IV value for the relatively homogeneous subset. Fagus sylvatica is mainly found in areas with an average temperature of less than 24 °C for the hottest month. In areas above this climatic limit, the species can only be found in very small areas characterised by a high amount of summer precipitation (above 200 mm). In fact, in those areas, it is still pos sible to find remnant patches of Fagus sylvatica, residual of previous cycles of ex pansion of the species (Magri 1998) . The maximum temperature of the hottest month is also the most important variable for Quer cus cerris, one of the most widespread spe cies in the area. In this case the species has a threshold of 27.8 °C, above which it can be found only in areas characterised by high winter precipitation (> 260 mm), excluding the hyper humid areas (moisture index val ues > 1). In contrast, the average minimum temperature the most important variable in influencing the spatial distribution of Quer cus ilex. In fact, the species is absent in areas characterised by very low winter temperature (MTC < 2 °C). The other important variables are: the presence of a geological substratum of carbonated rocks and summer aridity, since the species is well adapted to these conditions.
Potential current and future distribution of tree species abundance
According to the estimated model, Quer cus pubescens and Quercus cerris are the species with the widest potential distribution (Tab. 3). Fagus sylvatica and Castanea sativa have a smaller potential area, but they also have a high average IV, 83.5 and 60.9 respectively. This means that these two spe cies tend to form almost mono-specific forests. Instead, Quercus frainetto and Acer pseudoplatanus have the smallest potential ity in terms both of area and IV. Generally they are associated, respectively, with Quer cus cerris and Fagus sylvatica. Once we had established a reasonably reliable (in terms of RMSE) model for all the species, current cli matic data were replaced with those obtained through HadCM3 GCM in order to evaluate potential future distribution. The prediction of potential species distribution shows signi ficant changes for many species: there is a general trend towards an increasing mean altitude, with the exception of Fraxinus ornus. Five species should increase both their area and IV (Group 1, Tab. 2), while six species should reduce both these para meters. Moreover, Acer campestre and Carpinus betulus present an increasing area and a decreasing IV, while Carpinus ori entalis, Fraxinus ornus and Quercus frainetto show an opposite trend. As an ex ample, the maps of the current potential and future potential distribution of four species belonging to the four different groups identi fied in relation to their response to changes in the climatic scenario are shown in Fig. 4 and Fig. 5 . The two well-modelled species (Fagus sylvatica and Quercus ilex) show a good correspondence between the distribu tion of sample plots and the predictions (Fig.  4) , while the two fairly-modelled species (Fraxinus ornus and Carpinus betulus) show a higher number of incorrectly predicted "absent" plots (Fig. 5) . The application of the climate scenario determines a noticeable reduction of area and IV of Fagus sylvatica (respectively -29% and -3%), the expansion of Quercus ilex (Area +74.6%, IV +2.4%), the transformation of Carpinus betulus from the status of sporadic, localised extra-zonal species to that of a more widespread species in the submountain areas as shown by the in crease of area (+81.5 %) and average altitude (+94.9), and the strong reduction in area of Fraxinus ornus area (-20%) and a contem poraneous increase of its IV (+2.2 -Tab. 3).
Discussion
Model comparison
RTA had a better performance in model ling the spatial distribution of all the ana lysed species compared to MLR (Fig. 2) . This result can be explained since RTA neither relies on linearity of covariate effects nor on constant effects throughout the ana lysed area. This could mean that RTA could readily accommodate departures from a ho mogeneous model, accounting for local dis continuities as well as for local dependen cies. These differences in model features are substantial if the observed species distribu iForest (2008) 
Actual and potential current distribu tion of tree species abundance
Using results from RTA, a significant cor relation between number of sample plots where the species was recorded and model accuracy was found (Tab. 2). Indeed, species whose distribution is more strongly linked to local climatic conditions (Quercus pu bescens, Quercus cerris and Fagus sylvat ica) show a higher accuracy in model predic tions. Instead, rare species (mainly extrazon al), being at the edge of their distribution or having more specific habitat requirements, were less accurately modelled (e.g., Car pinus orientalis and Carpinus betulus).
The main chorological component was rep resented by Sub-Mediterranean deciduous species (8 species), showing on average the best accuracy values (Tab. 2). The second group was formed by Eurosiberian species (6), while only two Mediterranean evergreen sclerophyllous species have a spatial distri bution wide enough to be included in this analysis: Quercus ilex and Quercus suber. Species belonging to the same chorological type and thus sharing the same geographical distribution have different capacities of ad aptation to local conditions. For this reason a Eurosiberian species such as Fagus sylvatica has, in the study area, a wide distribution well modelled by this climatic model, while Carpinus betulus, also Eurosiberian, is more localized, dependent on factors other than the climatic ones and fairly modelled.
The deciduous tree species are more abundant than the sclerophyllous evergreen ones in terms of species number and spatial distribution. This result depends on the fact that the study area, despite its Mediterranean location, is characterized mainly by a tem perate climate because of the effects of the Apennine mountains, which intercept the hu mid winds from the sea, thus causing a rain fall increase (Attorre et al. 2007 ). Moreover, in this area, the dominance of deciduous spe cies has characterised almost all of the interglacial periods during the last 250000 years (Follieri et al. 1993) . As shown by the ana lysis of lake sediments, during the Holocene a progressive increase of pollen of sclero phyllous tree species, mainly Quercus ilex, did occur starting from 1.500 B.C. This change can neither be explained by climate change nor by the use of fire to clear land for agriculture (Magri 1994) . For this reason, it may be hypothesized the occurrence of the same process recorded in southern France (Romane & Terradas 1992) : the prolonged exploitation of forests caused increasing soil erosion, especially in the southern exposures of the Apennine mountains, favouring Quer cus ilex, which is more adapted to xeric en vironments than deciduous species such as Quercus pubescens and Quercus cerris. This hypothesis may also explain the current pres ence of areas with potentially high IV in the inner part of the Lazio region (see Fig. 4c ).
Other examples of tree species expansion due to human intervention are those of Castanea sativa for timber and food produc tion dating back to the Greco-Roman age and the more recent example of Quercus suber in the western side of the Italian penin sula for the production of cork (ScarasciaMugnozza et al. 2000) . Those examples are, however, the exception in a general frame work, where a general reduction of the distri bution of tree species has occurred after the post-glacial recolonisation as a result of de forestation and land use changes (Quézel 1993) . This process was not continuous and ceaseless, depending on the historical socioeconomic conditions: as an example, the sec ondary recolonization of the mountain Apen nine pastures by Fagus sylvatica occurred during the last decades due to the reduction of traditional breeding activities (Attorre & Bruno 2003) .
Future potential distribution
A general increase of the average potential altitude is predicted applying the HADCM3 climate scenario for year 2080. However if area and abundance are analysed, four differ ent trends can be identified: species that could be advantaged by the predicted climate change (Tab. 3, group 1), species that could suffer a strong reduction of area and abund ance (Group 2) and species showing con trasting behaviour in relation to area and abundance (Group 3, 4). According to the chorological types, the two Mediterranean species (Quercus ilex and Quercus suber) are likely to be favoured by the predicted increased drought, while the species belonging to the two other chorolo gical types show quite differentiated beha viour. According to the Ellenberg's scores, the more thermophilous and xerophilous spe cies should be favoured by the predicted drought (Group 1, Tab. 3). In contrast, meso philous species should suffer a strong reduc tion of area and abundance (Group 2). For the two remaining groups, there is not a clear ecological explanation for their particular trends. However, it should be noticed that they are formed by fairly modelled species, such as Carpinus orientalis, Carpinus betu lus and Quercus frainetto. Indeed, the above species are at the edge of their natural range, so it may be hypothesized that their presence in the study area is linked to other variables (e.g., edaphic factors) not included in the model. On the other hand, Acer campestre and Fraxinus ornus are low-frequency spe cies spread over different plant communities, so a better definition of their climatic niche is expected to be obtained by enlarging the study area.
Conclusions
RTA has proven to be efficient for the identification of the environmental variables driving the current distribution and abund ance of tree species at a regional scale. Only Mediterranean species are likely to be fa voured by the predicted climate change, while for the two other chorological types (Sub-Mediterranean and Eurosiberian) the response seems to be species-specific de pending on the autoecological characteristic of each species. A more complete picture of the potential effects of climate change would be obtained by analysing the whole Italian peninsula considered as a biogeographical unit and including a detailed land use map as a measure of fragmentation and anthropiza tion of the territory, influencing the expected shift of species.
